tered, namely, mismeasurement of suif. hemoglobin as methemoglobin. A sample of heparinized whole blood from an elderly man was sent to our laboratory from a neighboring hospital. The man was described as appearing blue and was said to have "persistent methemoglobinemia," with concentrations measured by the Co-Oximeter" (Instrumentation Laboratory, Lexington, MA 02173) (2) remaining at 30% during the three days of his hospitalization up to that time. His po2 ranged from 50 to 60 mmHg. Because he was not in acute respiratory distress, the patient had not been treated with methylene blue.
moglobinemia."
The Evelyn-Malloy procedure involves absorbance measurement at 630 nm before and after adding neutralized cyanide, but in the Co-Oximeter procedure a single measurement is used and thus the procedure will be perturbed by nonmethemoglobin compounds having absorbing at or near 630 nm (e.g., sulihemoglobin at 620 nm). The manufacturer acknowledges this problem
(2).
We have also encountered further difficulties with the analysis for methemoglobin. In our institution another patient with methemoglobinemia received 1 mg of methylene blue per kilogram body weight in the emergency room. Twelve hours later the methemoglobin concentration as measured in the Co-Oximeter was still high (30%), while analysis by the method of Evelyn-Malloy showed no measurable amount of methemoglobin. Studies in our laboratory revealed that, for the same reason as described here, methylene blue will also be mismeasured by the Co-Oximeter as methemoglobin. This too has been reported by the manufacturer
Although many laboratories recommend freezing blood samples if a delay in methemoglobin analysis is anticipated, our experience indicates that such action, in fact, produces methemoglobinemia.
Blood samples with no detectable amount of methemoglobin were stored frozen (-20 #{176}C) for 24 h. After thawing, the samples on re-analysis were found to contain up to 14% methemoglobin.
For samples containing methemoglobin to start with, the effect of freezing was even more pronounced. Three blood samples containing methemoglobin concentrations of 21% to 25% were stored frozen for 24 h, thawed, and reanalyzed. Methemoglobin concentrations now ranged from 53% to 58% of total hemoglobin. In contrast, refrigeration at 4#{176}C had little or no effect on methemoglobin concention. Although The need for a rapid, complete separation of serum from the clot has led to the introduction of "silicone-separator gel" (SST) tubes (1,2). These tubes not only contain a silicone gel for the separation, but also silica particles to facilitate clotting (3). It is essential that such tubes not add or adsorb components that affect results for ionized calcium (Ca2) determinations, such as calcium or hydrogen ions or calciumcomplexing agents such as lactate. Recently, Toffaletti et al. (4) reported consistently higher (by 0.02 mmol/L) Ca2 concentrations in samples from SST tubes than in those from plain Vacuminer Tubes (both from Becton Dickinson Inc., Rutherford, NJ 07070), a difference explained by a lower initial pH in the SST tubes. Because the observed difference was not fully clarified, we wanted to investigate this difference further and also to obtain more information on the effect of storing samples at 4#{176}C for longer periods.
Blood was sampled from 34 healthy volunteers (ages 18-45 years) into one 10-mL plain Vacutainer Tube and one 10-mL SST tube for each person. After clotting,the samples were stored at 4#{176}C and analyzed within 3 h with a Radiometer ICA 1 (Radiometer A/S, DK-2400 Copenhagen, Denmark). The results are shown in Table 1 .
As can be seen there was a small, statistically significant, but not clinically significant, To test this hypothesis, we performed the following experiment: We added 5 mL of de-ionized water to 15 10-mL SST tubes, then slowly rotated them into a vertical position. At various times (from 2 mm to seven days), we analyzed 4-mL aliquots for calcium by atomic absorption (6). At the latter time the aqueous contents of the remaining tubes were titrated with NaOH to pH 7.00. After 2 mm of storage in the SST tube, the de-ionized water contained 1 to 2 mol of calcium per liter; after seven days, the calcium content was 8 to 11 mol/L. At this latter time, we also found acid, 25 mol/L, in the water. Of course this experiment does not exactly mimic serum separation by centrifugation, but the results indicate that significant amounts of calcium and acid may be released from SST tubes.
To study the effect of storage of serum in plain and SST tubes at 4 #{176}C, we collected serum samples from six healthy volunteers in six plain Vacutamer Tubes and six SST tubes from each person. To avoid bias by order of sampling, we collected into plain and SST tubes alternately, and randomized the storage time with respect to sampling order. After allowing samples to clot, we stored the tubes at 4 #{176}C, then centrifuged them immediately before analysis. The first analysis was performed within 3 h of sampling, then after another 3, 21, 45, 69, and 93 h. The mean difference in Ca2 and pH between the two types of tubes was independent of storage time, and in accord with values given in Table 1 . This may indicate that the difference between plain and SST tubes arises during the centrifugation or the first few hours after sampling.
Range
Between the first and second analysis (3-6 h after sampling) we found a slight decrease of Ca2 for both plain and SST tubes (mean difference 0.015 and 0.018 mmol/L, respectively). The change was significant for plain Vacuminer Tubes (sign test 6/6, p <0.05) but not for SST tubes (sign test 5/6). During the same period, we found no significant pH changes. After 96 h of storage there was no difference for Ca2 as compared with the initial values for either type of tube, but the pH had decreased significantly in both types of tubes (mean difference 0.058 and 0.072 pH unit for plain and SST tubes, respectively; sign test 6/6, p <0.05). As a consequence of this pH change, Ca2 7.40 was also significantly decreased (by 0.047 and 0.048 mmol/ L, respectively; sign test 6/6, p <0.05). 
